We develop a multiple asset rational expectations model of asset prices to explain financial market contagion. Although the model allows contagion through several channels, our focus is on contagion through cross-market rebalancing. Through this channel, investors transmit idiosyncratic shocks from one market to others by adjusting their portfolios' exposures to shared macroeconomic risks. The pattern and severity of financial contagion depends on markets' sensitivities to shared macroeconomic risk factors, and on the amount of information asymmetry in each market. The model can generate contagion in the absence of news, and between markets that do not directly share macroeconomic risks.
Introduction
A spate of recent financial crises-the Mexican crisis of 1995, the Asian crisis of 1997-98, the default of the Russian government in August 1998, the sharp depreciation of the real in Brazil in 1999-have been accompanied by episodes of financial markets contagion in which many countries have experienced increases in the volatility and comovement of their financial asset markets on a day-to-day basis. The pattern of contagion has been uneven across both time and countries-with increased volatility and comovement occurring principally during times of financial and exchange rate crises-and with some countries, particularly those with emerging financial markets, having experienced the bulk of the contagion, while countries with more developed markets have remained relatively unscathed.
Although heightened financial market volatility is to be expected within countries experiencing financial and exchange rate crises, the pattern of comovement across countries is not easily explained. Some of the increased comovement among countries that compete through trade or share close economic links can be rationalized on the basis of macroeconomic theory; but these theories are less persuasive in accounting for the increased comovement among the financial markets of weakly linked countries such as those of South East Asia and Latin
America. An alternative reason for the increased comovement is that financial markets are responding to the same public news events. However, even accounting for the release of economic news and other information, much of the increased volatility and comovement across countries remains unexplained (Kaminsky and Schmukler, 1999; Baig and Goldfajn, 1999; Connolly and Wang, 2000) .
In this paper we present a rational expectations model of financial markets. The model is designed to describe asset price movements over short periods of time-such as a day or a week-during which macroeconomic conditions can be taken as given. Using the model we provide an explanation for the cross-sectional and time-series pattern of financial market contagion. In particular we show why emerging markets are especially vulnerable to contagion and why contagion is more likely to appear during times of financial and exchange rate crises. Our model also illustrates how contagion can occur in the absence of public news, and between countries that do not directly share common macroeconomic fundamentals.
Our paper is related to the burgeoning literature on contagion. One branch of this literature emphasizes contagious currency crises, relating such crises to various monetary and financial sector vulnerabilities, including financial market imperfections, incomplete contracting, or weaknesses in government policy. These studies often look for the underlying causes behind a simultaneous set of speculative attacks.
1 A second branch emphasizes contagion spreading as a result of linkages among financial institutions, 2 while a third branch focuses on contagion among financial markets.
Our paper is most closely related to studies of contagion among financial markets. These papers have principally focused on contagion through a correlated information or a correlated liquidity shock channel. Under the correlated information channel, price changes in one market are perceived as having implications for the values of assets in other markets, causing their prices to change as well (King and Wadhwani, 1990) . The correlated liquidity shock channel posits that when some market participants need to liquidate some of their assets to obtain cash, perhaps due to a call for additional collateral, they choose to liquidate assets in a number of markets, effectively transmitting the shock (Calvo, 1999 and Yuan, 2000) .
Neither of these channels can completely account for the cross-sectional pattern of contagion. The correlated information channel assumption that price changes in one market have implications for asset values in other markets is plausible for closely linked markets, but it seems less reasonable when applied to Latin America and Asia. The correlated liquidity shock channel is not wholly satisfying for a different reason. Market participants, when hit with a liquidity shock, would benefit most from selling in highly liquid markets since this lowers the impact of their sell orders on prices. This means participants, given a choice-when
1 The financial fragilities associated with contagion are analyzed in Corsetti, Pesenti, and Roubini (1999) , Rigobon (1998) , Agénor and Aizenman (1998) , Goldfajn and Valdés (1997) , Caballero and Krishnamurthy (1999) , Chan-Lau and Chen (1998) , Kaminsky and Reinhart (2000) and others.
2 Allen and Gale (2000) and Lagunoff and Schreft (2001) provide analyses of contagion caused by linkages among financial intermediaries. Van Rijckeghem and Weder (2000) empirically document such linkages.
hit with a liquidity shock-would liquidate positions in developed not emerging markets.
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Under this scenario, the fact that contagion has primarily affected a large cross-section of emerging markets cannot be explained by liquidity shocks alone.
The general model of contagion that we present in the next section is an extension of the static, single risky asset, noisy rational expectations model of Grossman and Stiglitz (1980) , GS hereafter, to a multiple asset setting. The GS model was first extended to a multipleasset setting by Admati (1985) and has since been extended in a number of directions by others. 4 We have stayed close to GS's original framework to highlight our ideas in as simple a setting as possible. The main innovation is the economic interpretation that we give to elements of the GS model. In our model, each risky asset is the national stock market index of a separate country. The liquidation value of each market index is decomposed into a component which represents some investors' private information about that country and into a residual component which is driven by macroeconomic factors. This decomposition provides insight into how the macroeconomic risk factor structure of the economy and the amounts of information asymmetry in different countries together interact to determine the pattern of financial market contagion.
Our theoretical model nests a number of formal channels for contagion including the correlated information and correlated liquidity shock channels discussed above. Because our model is tractable (even with a large number of markets) it can be used to study the properties of the contagion channels proposed by others. In a recent paper, Kyle and Xiong (2001) present a model in which contagion only occurs through wealth effects. Because our model does not contain wealth effects, we view their approach as complementary.
Although we believe other channels may be important for contagion, in most of our analysis here, we concentrate on a variant of the model that only allows for contagion through a new channel that we refer to as cross-market rebalancing. 5 In the cross-market rebalancing variant of our model investors respond to shocks in one market by optimally readjusting their portfolios in other markets, transmitting the shocks, and generating contagion. When portfolio rebalancing occurs in markets with information asymmetries, the resulting price movements are exaggerated because the orderflow is misconstrued as being informationbased. We believe that the cross-market rebalancing channel has been overlooked in previous studies and provides a richer explanation of financial market contagion.
We define contagion in our model quite generally as a price movement in one market resulting from a shock in another market. While this definition is broad, we show that the price movements resulting from contagion in the cross-market rebalancing variant of our model are excessive relative to full information fundamentals. Thus, the model generates price changes that are consistent with the more traditional notions of contagion. However, despite the connotation that the contagion is " irrational," the contagious price movements generated by our model occur in a framework in which all market participants are rational.
The next section presents our general model of asset prices. The properties of the model for contagion are explored in sections II through V. Section VI relates the properties of the model to the patterns of contagion in recent crises. Section VII concludes.
I The General Model
Our model of asset prices is a two period endowment economy. The economy contains N risky assets with fixed net supply X T , and a riskless asset (the numeraire) which is in perfectly elastic supply and has a gross rate of return normalized to 1. Investors trade the assets of the economy in the first period, and then consume the liquidation value of all assets in the 5 Fleming, Kirby, and Ostdiek (1998) used the cross-market rebalancing channel as motivation for their empirical study of volatility comovement. They did not, however, develop a theoretical model. second period. The prices at which trades take place in the first period is denoted by the N × 1 vector P . The liquidation value of the assets at time 2 is represented by the random vector v.
A Market Participants
There are three types of participants in the model, informed investors, uninformed investors, and noise traders (also often referred to as liquidity traders). Informed investors have superior information relative to other investors about the liquidation value of the assets. They receive information on the liquidation value of the assets before trading takes place at time 1. Their information can be represented by decomposing the liquidation value of the assets into two components, θ and u:
The first component, θ, represents the expected value of v conditional on the information of the informed investors. Throughout the paper we refer to θ as the information of the informed investors. The second component, u, is a residual which represents that component of v which is not explained by the information. Because u is a residual, its mean is assumed to be 0 and it is uncorrelated with θ. The unconditional joint distribution of θ and u is assumed to be normal with probability distribution
Investors in the model are assumed to behave competitively in the sense that they take prices as given. 
subject to
It is well known that the optimal choice of X I (P, θ) satisfies:
where Var(v | θ) = Σ u and E(v | θ) = θ. Uninformed investors have the same utility function as informed investors but choose their portfolio positions without knowledge of θ. They do, however, know the structure of the model including the unconditional distribution of θ and u from equation (2). They also observe P (which reveals information about the value of θ) and condition their choices on P . In particular, the uninformed choose X UI (P ) (the subscript "UI" denotes "uninformed"), their positions in the risky assets to maximize
It is well known that the optimal X UI (P ) satisfies:
The optimal X UI (P ) depends on Var(v | P ) and E(v | P ), and both of these depend on the informativeness of P for v. These belief functions and P need to be solved together as part of the overall general equilibrium of the model.
The third type of participants are noise traders. Unlike the first two types of participants whose demands depend on traders' assessment of fundamental value, v, noise traders buy and sell assets based on their own idiosyncratic need for liquidity. The demands of noise traders are assumed to be uncorrelated with other participants' objectives, and uncorrelated with the fundamental value of the assets. The presence of noise traders in our model prevents equilibrium prices from fully revealing the information of the informed investors. The net demand of noise traders is denoted by , which has the distribution
B Equilibrium and the Information about v Revealed by P
In this section we solve for the competitive rational expectations general equilibrium price function for the economy. A competitive rational expectations equilibrium exists in period 1 provided that prices P are set so that markets clear, agents are price takers and their demands maximize their utility, and agents equilibrium beliefs about fundamentals are consistent with the information about fundamentals that is revealed by prices. We use the market clearing and belief consistency condition to solve for equilibrium prices and beliefs following a threestep procedure. First, we substitute the utility maximizing demands from equations (4), (6), and (7) into the market clearing condition to solve for the information revealed by P given equilibrium beliefs. Next, we solve for the equilibrium beliefs that are consistent with the information revealed by equilibrium prices. Finally, given the information revealed by P , we solve for the equilibrium price function.
Market clearing requires that prices are set so that supply equals demand. This requires that prices P and beliefs E(v | P ) and Var(v | P ) satisfy the equation
Recall that we assume that uninformed investors know the structure of the model. By this we mean that they know: the parameters of the demand for assets by the other two types of investors given in equations (4) and (7); the unconditional distribution of θ and u given in equation (2); and prices, P . However, they do not know the realization of θ and .
Given this information structure, equation (8) can be arranged so that everything known by uninformed investors is summarized by S(P ), which can be written as θ plus a function of noise traders' demands. In other words, knowledge of S(P ) provides uninformed investors with a noisy signal of θ, the information of the informed investors:
where
Equation (9) summarizes the information that is revealed by prices to uninformed investors given their beliefs and knowledge of the economic structure. To make the beliefs consistent with the information revealed by prices we require that beliefs satisfy the consistency conditions
and
Imposing these consistency conditions, while exploiting the joint normality of S(P ), θ and , we solve for E(v | P ) as a function of θ and , and we solve for Var(v | P ). It is important to emphasize that our expressions for E(v | P ) and Var(v | P ) are not explicit functions of equilibrium prices, but are instead consistency conditions on beliefs that must be satisfied by the equilibrium price function. Equilibrium price functions are found by rewriting the market clearing condition, equation (8), while substituting in our expressions for E(v | P ) and Var(v | P ). We also solve for the unconditional variance-covariance matrix of prices. Our closed-form expression for price is provided in the following proposition:
The rational expectations equilibrium price function P for the model described by equations (1), (2), (4), (6), and (7) is
Proof: See the appendix.
This expression for the equilibrium price allows us to characterize how shocks which affect some assets spread to others. This is analyzed in detail in the next section of the paper.
II Contagion in the General Model
In this section, we derive the channels for contagion that are present in our model. Because the specification of the assets has been general up to this point, the model can be used to explain how shocks to one asset or class of assets spread to others. For our purposes, we interpret each risky asset as representing the portfolio of assets that trade in a particular asset market, and then use the model to explain contagion between markets. Contagion occurs when a shock in one market affects prices in other markets. The model contains two types of shocks, which we refer to as information shocks and liquidity shocks. Information shocks are the information learned by informed investors, represented by the realizations of θ. Liquidity shocks are the trades made by noise traders due to their idiosyncratic needs for liquidity, represented by the realizations of . To examine how contagion occurs in our model, we begin by examining the effects that both types of shocks have on prices in general, and then discuss the circumstances under which the shocks are transmitted across markets.
The relationship between asset prices and various shocks is based on the closed form expression for P , equation (13). Differentiating P with respect to and θ, respectively, the change in price due to liquidity shocks (noise trading) is
and the change in price due to information shocks is
The right hand sides of (14) and (15) decompose the effects of a liquidity and information shock on prices into two components. The first component is the price change that occurs because the shock changes E(v | P ). We refer to this as the "expectations component" of the price change because it measures that part of the price change which is due to revisions in the expectations of uninformed investors. We refer to the second component of the price change as the "portfolio balance component" because it measures how prices would respond to the shift in the excess demand curve for assets caused by the shocks if the uninformed investors believed that the shocks contained no information. It is important to emphasize that the expressions in equations (14) and (15) are matrices which summarize the sensitivity of prices to the shocks. Because prices are a linear function of the shocks (see appendix A) the total price response to a shock is the price sensitivity multiplied by the shock. For example, if there are more than three markets, then market 3's total price sensitivity to a liquidity shock in market 1 is the row 3, column 1 element of ∂P /∂ ; and the expectations and portfolio balance components of the total sensitivity are the [3, 1] elements of M 1 ∂ E(v | P )/∂ and M 3 , respectively. The relative importance of these components will be discussed shortly.
Before studying these components, it is useful to establish the general conditions for the existence of contagion. An immediate implication of our definition of contagion (as shocks in one market affecting prices in other markets) is that contagion cannot occur if ∂P /∂ and ∂P /∂θ are both diagonal matrices. Whether or not there is contagion, and the relative importance of the expectations and portfolio balance components, depends on the numbers of informed and uninformed investors and on other elements of the economic environment.
A Contagion and The Number of Informed and Uninformed Investors
To understand the role that the number of informed and uninformed investors have for contagion it is useful to consider some limiting cases of our model. For the first limiting case we hold the number of uninformed investors fixed, but let the number of informed investors approach infinity. The result is that informed investors push asset prices toward their expected liquidation values in all markets, and hence there is no contagion. The economic intuition for this case is provided by the first order condition for informed investors' optimal portfolio choices. The first order condition requires risky assets to be priced so that, conditional on the informed investors' information, the assets earn the riskless rate of return plus a premium to compensate the investors for risk. Because the riskless rate is normalized to 0, the first order condition requires risky asset prices to equal the expected value of v conditional on their information, θ, plus a risk premium. As the number of informed investors approaches infinity, the amount of risky asset each holds goes to 0; this forces the equilibrium risk premium to 0 and causes P to converge to θ. Using this limiting expression for P , one can see that ∂P /∂θ = I and ∂P /∂ = 0. Since both of these are diagonal there is no contagion. In our simulation results (section III.B) we find that when more than 5% of the investors are informed, they drive prices towards fundamentals in all markets, and the amount of contagion becomes small. Gennotte and Leland (1990) and Admati (1985) also find that when there is more than a small proportion of informed investors, prices closely reflect fundamentals.
The second limiting case holds the number of uninformed investors fixed and allows the number of informed investors to approach 0. As the number of informed investors goes to 0, prices only convey public information. This occurs because E(v | P ) converges to its expected unconditional value,θ. Since this unconditional expected value does not depend on θ or , shocks do not affect expected asset values, and hence the entire price effect of shocks occurs through the portfolio balance component.
The third limiting case holds the number of informed investors fixed, but lets the number of uninformed investors approach infinity. The result is that the risk premium that uninformed investors earn for holding the risky assets goes to zero, and hence prices converge to E(v | P ), the expected liquidation value of the assets conditional on the uninformed investors' information. In this limiting case, the price effect of shocks occurs only through the expectations component.
The second and third limiting cases are of particular interest because both approximate the realistic situation that the fraction of informed investors is small, but they reach opposite conclusions about the relative size of the portfolio balance and expectations components of price changes. This shows that the fraction of informed investors alone does not restrict the relative importance of the two components. Other elements of the economic environment, however, do affect their relative importance. We will return to this topic in section III.B below, after examining the role of the economic environment in determining the channels for contagion.
B The Economic Environment and the Channels for Contagion
In this subsection, to identify the channels for contagion, we first establish a set of conditions which are sufficient to ensure that there is no contagion between any markets. forces liquidation values to be uncorrelated and hence rules out substitution effects.
Information effects in the model can occur in two ways. The first is if the informed traders' information is correlated across markets. If it is, then price changes in one market may be perceived as revealing information which is correlated with asset values in other markets.
The second way information effects can occur is if noise trading is correlated across markets.
If it is, then price changes in one market will affect uninformed investors' assessment of whether price changes in other markets are due to informed investors' information in those markets or due to noise. As a consequence, when there is correlated noise trading, a price change in one market will cause uninformed investors to alter their demands for assets in other markets. Our assumptions that Σ θ and Σ are diagonal rule out both of the ways that information effects can occur in the model. Proof: See the appendix.
To study the channels for contagion in more detail, it is necessary to relax the conditions in proposition 2. When the conditions are relaxed, our model allows for contagion through three different channels.
7 If Σ θ is non-diagonal, then information on assets is correlated across markets. Recall that this is the channel for contagion explored in King and Wadhwani (1990) . If Σ is allowed to be non-diagonal, then a liquidity shock in one market is correlated with liquidity shocks in other markets. This is the channel for contagion considered in Calvo (1999) . The third channel for contagion is cross-market rebalancing in which investors respond to a shock in one market by rebalancing their portfolios across markets. In our model contagion occurs through cross-market rebalancing if Σ u or Var(v | P ) or both are 6 A matrix is block diagonal if it can be represented as a partitioned matrix for which all elements of the off-diagonal submatrices are zero. Two matrices are conformably block diagonal if the first is block diagonal, and the second, when partitioned at the same rows and columns as the first, is also block diagonal.
7 In a previous version, we included the demands of positive feedback traders whose net asset demands depended on lagged price changes in one or more markets, and showed that cross-market feedback trading provided an additional channel for contagion. We also found that if some market participants follow positive feedback strategies, possibly in the form of dynamic hedging, in one market (as in Gennotte and Leland (1990) ), while other participants underestimate the extent of their activity, then the positive feedback trading may substantially exacerbate volatility in the market where it occurs, and through our contagion channels may exacerbate volatility in other markets as well.
non-diagonal since under these conditions a price change in one market causes a change in asset demands in other markets.
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Although our model is useful for exploring contagion through a number of channels, in the remaining sections of our paper we focus exclusively on contagion through cross-market rebalancing. There are several reasons for this choice. First, the correlated information and correlated liquidity shock channels have already been considered in the literature-and neither appears capable of fully explaining important features of the cross-sectional pattern of contagion. Second, we can relate the cross-market rebalancing channel to the underlying economic and financial structure of the economy. To the extent these structures vary across time and countries, our model, when viewed in this context, has the potential to explain both the cross-sectional and time-series pattern of contagion.
III Contagion Through Cross-Market Rebalancing
In this section and throughout the rest of the paper we restrict the model so that contagion only occurs through cross-market rebalancing. In the following two subsections, we show how the parameters of our model can be related to the underlying macroeconomic structure of the global economy; and we provide a stylized example that illustrates how the economic structure influences the pattern of contagion.
A The Economic Structure of the Multiple Asset Model
In this subsection, we slightly alter the interpretation of the risky assets by assuming that each of the N risky assets in our model correspond to an individual country's entire asset market. With this interpretation the portfolio which consists of all of the risky securities in a country's markets is treated as that country's sole risky asset. When we refer to contagion, 8 Recall from (4) and (6) that the demands of the informed and uninformed investors are
. Differentiating these expressions with respect to P while holding E(v | P ) fixed shows that when Σ u or Var(v | P ) is non-diagonal, then changes in the price of one asset cause changes in the demand for other assets.
we thus now refer to the transmission of shocks across countries rather than across markets.
As before, the liquidation value of the risky assets is denoted v. The vector v can be decomposed into a component θ which represents the information of informed investors, and into a component u which informed investors cannot explain:
As explained above, we restrict the model so that contagion can only occur through cross-market rebalancing. Contagion through correlated liquidity shocks and correlated information is ruled out by requiring that Σ and Σ θ are diagonal. Constraining Σ θ to be diagonal is equivalent to assuming that informed investors' information about the assets in country i cannot be used to forecast the value of the assets in country j.
Our principal innovation is the structure that we place on u, that component of liquidation values about which both informed and uninformed investors are uncertain. To generate contagion through cross-market rebalancing we assume that Σ u is non-diagonal. This is equivalent to assuming that u has a linear factor structure:
where f is an M × 1 vector of common factors which affect asset values in more than one country; B is an N × M matrix of factor loadings, which represent the sensitivities of assets' liquidation values to f , and η is an N × 1 vector of country-specific factors. To remain consistent with our distributional assumptions from section I, we assume that the elements of f are independently distributed and standard normal. We also assume that f and η are independent, and that the elements of η are independently normally distributed with mean 0 and variance Σ η .
Although the common factors f and the idiosyncratic factors η could have other interpre-tations, we consider them as representative of the macroeconomic determinants of countries' long run (period 2) asset values. In this view, equation (16) affect asset values in all countries, i.e. they know B. This is equivalent to our earlier assumption (section I) that investors don't know u, but know its distribution.
Investors at time 1 will optimally choose their portfolios based on the information structure, and on their knowledge of the risk factor structure of assets' liquidation values. The information and risk factor structures together shape the pattern of contagion.
B Contagion in a Three-Country Example
The purpose of this subsection is to illustrate contagion through cross-market rebalancing in the context of a stylized example. In the example, there are three countries and two shared risk factors. Recall that each country is assumed to have only a single risky asset which consists of the market index for that country. The liquidation values of the assets take the form:
where the shared factors are f 1 and f 2 , and for i = 1, 2, and 3, country i's liquidation value, country-specific private information, and country-specific macroeconomic risk are represented by v i , θ i , and η i respectively.
The most important feature of the example is that countries 1 and 3 do not share any common macroeconomic factors; instead the assets in countries 1 and 2 share an exposure to risk factor f 1 , and the assets in countries 2 and 3 share an exposure to risk factor f 2 . We have constructed the example in this way in order to illustrate how a shock in country 1's asset market can spread to country 3 even though the liquidation value of the assets in countries 1 and 3 are determined by different macroeconomic risk factors. Our example is "extreme"
in the sense that countries 1 and 3 share no common macroeconomic factors and, because private information is country-specific, the liquidation value of the assets in countries 1 and 3 are independently distributed.
In the example, country 2 acts as a conduit for transmitting shocks between countries 1 and 3. To focus on country 2's role, we at first assume that there are no information and liquidity shocks in country 2. Thus, country 2 has no information asymmetry and no liquidity traders. In addition, country 2 does not have a country-specific risk factor. Later we discuss how relaxing these assumptions affects the analysis.
To illustrate contagion, we solve the example for a baseline case and then examine how shocks in country 1 affect prices in all three countries. The baseline values of the parameters were chosen to maintain parsimony: β 1 and β 3 , and the supply of risky assets are set equal to 1; and the random variables f 1 , f 2 , η 1 , η 3 , θ 1 , and θ 3 , and the demands of noise traders in countries 1 and 3 are distributed normally and independently with mean 0 and variance 1.
9
Our choices of the numbers of informed and uninformed investors, and their risk tolerance (µ I , µ UI , and τ ) deserves additional comment. Close examination of the expression for prices in our model (equations (13) and (20) through (24) in appendix A), shows that µ I and µ UI always appear multiplied by τ . This means that the number of investors and their risk tolerances are not separately identified in the model. For simplicity, we have normalized investors' risk tolerances, τ , to 1. We have also chosen to set µ I and µ UI to 1 and 100 respectively. With this parameterization, 1% of the investors in the model are informed.
10
Intuition for contagion in the baseline set-up can be provided by tracing through the effects that a perturbation to a shock in country 1 has on orderflow and prices in all three countries. For example, suppose that the markets in all three countries are in equilibrium in period 1 and then informed investors receive additional information which causes them to lower their assessment of country 1's asset liquidation value by an amount dθ 1 , (a negative information shock). Informed investors' optimal response to the new information is to sell some of country 1's assets. However, this lowers their exposure to risk factor f 1 below its optimal level. As a result, the informed investors adjust their exposure to f 1 by buying the assets of country 2, but this raises their exposure to risk factor f 2 above its optimal level.
The exposure to risk factor f 2 is adjusted by selling assets in country 3 thus completing the chain of contagion from country 1 to country 3 through country 2. The direction of the resulting set of price changes is in accord with intuition: informed sales in the markets of countries 1 and 3 depress prices in those countries while raising prices in country 2 (Table I, panel A).
A negative liquidity shock in country 1 is transmitted to country 3 in a similar manner.
When noise traders change their orderflow by selling an amount d 1 in country 1, it will 9 All of our results on the response of asset prices to shocks are invariant to the total supply of assets outstanding because the supply of assets affects the level of prices, but not how prices respond to shocks.
10 A single investor with a high tolerance for risk generates the same demand as 100 investors whose risk tolerances are 100 times smaller. Because the risk tolerance parameter and the number of investors are not separately identified, the number of informed and uninformed investors should not be taken literally: they instead represent the amounts of informed and uninformed trading in the market. depress prices in country 1, inducing informed traders to absorb some (but not all) of the noise trader sales. These purchases increase informed investors exposure to f 1 above its optimal level. The informed investors adjust their exposure to f 1 by selling in country 2; but this decreases their exposure to f 2 below its optimal level. To increase their risk exposure to f 2 , they then buy in country 3. The result is that prices decline in countries 1 and 2 while rising in country 3 (Table I, (Table I , panels A and B). By contrast, the orderflow has only a small effect on prices in country 2 because there are no information asymmetries there.
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The relatively large price responses induced by asymmetric information provide one of the primary insights of the model. If emerging markets have more information asymmetry than 11 Because there are no information asymmetries in country 2, it is at first surprising to find that price changes in country 2 have any expectational component. To see why, recall from equation (14) that the expectational component of the price change due to an information shock in country 1 is M 1 ∂ E(v | P )/∂θ 1 , where in this case M 1 is a 3 × 3 matrix. Although the shock has no effect on expectations about asset values in country 2, if M 1 [2, 1] and M 1 [2, 3] are nonzero, then the effect of the shock on expected liquidation values of assets in countries 1 and 3 will have a price effect in country 2. Table 1 shows the expectations component of the price change in country 2 is small. developed markets because public information on the value of assets in emerging markets is less readily available, then our three-country example helps to explain the cross-sectional differences in the pattern of contagion among emerging and developed markets.
12 More specifically, if countries 1 and 3 are viewed as emerging markets, and country 2 is viewed as a developed market because its information asymmetries are low, then the example shows it is possible for large price shocks to be transmitted from one set of emerging markets to another through developed markets without significantly affecting prices in developed markets. This may explain why emerging markets appear to have been particularly vulnerable to contagion while developed markets have remained relatively unscathed.
When we allow a more general setting in country 2's asset markets the pattern of contagion between countries 1 and 3 is qualitatively similar, but conditions in country 2 have interesting quantitative effects on the magnitude of price movements. In this regard, it is important to note the role that information asymmetry in country 2 plays in the transmission of shocks. If there is more information asymmetry in country 2, then its asset prices will be more sensitive to orderflow. This raises the cost of rebalancing risk exposures in country 2's market. As a result, there will be less cross-market rebalancing from country 1 to country 2, and less rebalancing from country 2 to country 3, reducing country 3's price response to shocks from market 1. 13 Because this example shows that more information asymmetry in developed markets reduces contagion among emerging markets, it suggests that steps which 12 Evidence for asymmetric information in emerging markets is suggested by the results of Claessens, Djankov, and Lang (2000) who studied the ownership and control structure of publicly traded companies in nine South East Asian countries. In eight of the nine countries (Japan was the exception) they found between one-third and one-half of market capitalization are effectively controlled by the members of 15 families. Members of such families are likely to have better information than other investors regarding a related companies' prospects. The results of Frankel and Schmukler (1996) , Froot, et. al (1998) , Brennan and Cao (1997) , and Seasholes (1999) also indirectly show that domestic and foreign investors may be differentially informed, although the papers reach different conclusions on whether foreign or domestic investors have the better information.
13 In equilibrium informed investors' demands for assets in country 2 contain two components: the first component is associated with hedging factor risk, and the second is "speculative" reflecting differences between market prices and the assets' liquidation value. When there is asymmetric information in country 2, informed investors' purchases drive up prices in country 2, inducing less speculative demand for assets in country 2. Because the speculative and hedging components are partially offsetting, the net amount of cross-market rebalancing declines.
reduce information asymmetries in developed markets may have the unintended consequence of enhancing developed markets' role as a conduit for contagion among emerging markets.
Additionally, the importance of country-specific factors in determining liquidation values in developed markets plays a role in determining the magnitude of contagion. When the liquidation value of assets in country 2 is more dependent on country-specific factors, (i.e. when the variance of η 2 is larger), then more basis risk is incurred when investors use country 2 to rebalance their exposures to the common risk factors (f 1 and f 2 ). As a result, investors incentive to rebalance across countries is reduced as are the price effects from a shock in country 1 on prices in other countries. More noise trading in country 2 also tends to reduce the effect that shocks in country 1 have on country 3, but for a different reason. When there is noise trading in country 2, informed investors will take the other side and then rebalance their positions in countries 1 and 3. Because this increases the relative likelihood that trading in countries 1 and 3 is due to cross-market rebalancing, and not due to private information about the asset values in countries 1 and 3, this tends to reduce the informational content of the orderflow, and hence reduces the expectational component of the price response to orderflow in countries 1 and 3.
The most important insight from our example is that it shows how contagion can occur between the markets of countries 1 and 3 even when channels of contagion such as correlated information, correlated liquidity shocks, and wealth effects are ruled out by assumption, and even when the liquidation value of the assets in countries 1 and 3 have no macroeconomic Our main results in this section can be summarized as follows:
• Contagion can occur between countries whose long-run asset values are driven by different macroeconomic fundamentals, provided they are linked by sharing common macroeconomic fundamentals with a third country or countries.
• Differences in information asymmetries between developed and emerging markets may explain why emerging markets were hit hard by contagion while developed markets remained relatively unscathed.
• In some circumstances, higher quality markets (in the sense of less information asymmetry and less country-specific risk) in developed countries may worsen the contagion among emerging markets.
In the next section we use our three-country example to examine the role of the macroeconomic factors in contagion.
IV Contagion and Fundamentals
An important focus of the policy debate on contagion centers around whether asset price movements in those countries which are hardest hit by contagion are excessive relative to that country's fundamentals. In this section, we address this question in two ways. First, we directly examine whether price movements are excessive relative to fundamentals. Then, we contrast the role that macroeconomic fundamentals play in determining the pattern of contagion in our model relative to more traditional models of contagion.
A Are Price Movements Excessive Relative to Fundamentals?
In the previous section we established that contagion exists between countries 1 and 3 when contagion is defined as a shock in one country's asset market that causes price movements in other countries' asset markets. In much of the literature, however, contagion is defined more narrowly as a shock in one country that generates price movements in other countries that are excessive relative to "full information" fundamentals. We can show that the price movements in our three country example meets this more restrictive definition.
The analysis here relies on our earlier decomposition of the effect of shocks on asset prices into an expectations component which measures that part of the price change that occurs because of a change in E(v | P ), and into a portfolio balance component which measures that part of the price change that occurs because of the reallocation of risk-sharing among investors (equations (14) and (15)). To see how the decomposition is useful, recall that the liquidation value of the assets in countries 1 and 3 are statistically independently distributed.
An implication of statistical independence is that conditional on full information, a shock which all participants know originates in country 1 cannot cause a reassessment of the expected liquidation value of the assets in country 3. Therefore any price change that occurs because a shock in country 1 altered E(v | P ) in country 3 is excessive relative to full information fundamentals.
To test for whether price movements in country 3 are excessive it suffices to examine the expectations component of the price change in country 3 due to a shock in country 1.
In the current parameterization, the expectations component of the price changes is much larger than the portfolio balance component (Table I , Panels A and B). The relative size of these components is not our primary focus because it can vary for realistic values of the number of informed and uninformed investors (see section II.A).
14 The important result is that shocks in country 1 change expectations about the value of country 3's assets. Because they do, price movements in country 3 due to a shock in country 1 are excessive relative to full information fundamentals.
A more conventional method for showing that price movements are excessive relative to full information fundamentals is to solve the model when all investors are informed and then contrast the resulting price movements with those from the baseline model. We followed this approach in an earlier version and reached the same conclusions.
B Role of Macroeconomic Factors in Contagion
A number of papers have explored the relationship between macroeconomic news and the cross-sectional pattern of contagion. The general finding in this literature is that macroeconomic news can account for only a small part of asset return covariation across countries at high frequencies. Our model provides one reason for the weak explanatory power.
Recall that in the model contagion occurs in period 1, but the macroeconomic risk factors f 1 and f 2 are not realized until time period 2. Moreover, before period 2 the investors receive neither public nor private information about the factors. An immediate consequence is that the realizations of the macroeconomic risk factors in period 2 do not influence the pattern 14 In further simulations we found that for most values of µ I and µ UI the expectations component of the price changes is much larger than the portfolio balance component. The exception was when the numbers of both types of investors were much smaller than in our baseline model, or equivalently when investors were much more risk averse than in our baseline model. of contagion in period 1.
15 This is consistent with the results that have been reported in recent studies.
16
Although the realizations of the macroeconomic risk factors do not explain the pattern of contagion in our model, the risk factors are important, but not as used in prior models.
Instead the risk factors are central because contagion is transmitted through investors' rebalancing their portfolio's exposures to the future risk factor realizations. Because contagion occurs through the reoptimizing of portfolio's risk exposures, it is the long-run macroeconomic risk factor structure which plays an essential role in determining the pattern of contagion. We turn to this topic in the next section when we examine how the pattern of contagion is influenced by assets' sensitivities to these systematic risk factors.
V Explaining the Severity of Contagion
During each of the recent episodes of financial market contagion, the severity of the episodes varied across countries. Our model helps to identify several characteristics which make a country vulnerable to contagion. In this section we focus on how country 3 is affected by two of these characteristics, the exposure of its asset values to systematic macroeconomic risk factors, and the amount of information asymmetry within country 3. Results for how conditions in country 3 affect other countries' markets are available upon request.
A Role of Sensitivities to Systematic Risk Factors
In this subsection we will explore the role of an asset market's sensitivities to the systematic risk factors in generating contagion. Before analyzing this question in depth, it is useful to note that Proposition 3 implies that when a country's sensitivities (factor β's) to the 15 It is important to emphasize that our model is designed to show that it is possible to generate contagion even in the absence of news about the macroeconomic risk factors. In a more realistic model in which news about the macroeconomic risk factors arrived in time period 1, it would obviously influence the pattern of contagion.
16 See Kaminsky and Schmukler (1999) , Baig and Goldfajn (1999) , and Connolly and Wang (2000) as examples.
common risk factors are zero, then in the cross-market rebalancing variant of our model there is no contagion to or from that country. The intuition for this result is that when a country's factor β's are zero, it shares no risk factors with other countries. Thus its markets cannot be used for rebalancing risk factor exposures. An immediate implication is that in the cross-market rebalancing variant of our model, contagion only occurs among countries that are directly or indirectly linked through the sharing of common macroeconomic risk factors.
To illustrate the role of shared risk factor exposures, we examine how country 3's price response to shocks in country 1 varies with β 3 , country 3's exposure to risk factor f 2 . Because the intuition for the sign of the price response was provided in section III.B, only the magnitude of the price response is discussed here.
The magnitude of country 3's price response to information and liquidity shocks from country 1 is a non-monotone function of β 3 . When β 3 = 0, country 3 shares no risk factors with other countries, and hence its price response is zero. As β 3 increases from 0, informed participants begin to use country 3's market to hedge against changes in f 2 . This increase in hedging activity from 0 initially increases country 3's price response to shocks from country 1.
However, as β 3 continues to grow, it becomes increasingly likely that orderflow in country 3 is due to cross-market rebalancing and not private information.
17 As a result the magnitude of the price response in country 3 to shocks from country 1 eventually declines (Figures 1   and 2 , panel C).
18 17 Higher β 3 reduces the relative amount of informed trading in market 3 because it increases the amount of cross-market rebalancing in country 3, and it reduces the amount of trading based on market 3's private information. This latter effect occurs because higher β 3 increases the exposure to factor 2 (f 2 ) risk that informed investors incur when trading on country 3's private information.
18 When the assumption of no noise traders in country 2 is relaxed then noise trading in country 2 generates uninformative cross-market rebalancing trades in countries 1 and 3. This increase in uninformative trading reduces the magnitude of the price response to both information and liquidity shocks emanating from country 1 (not shown), but the price responses are qualitatively similar. The exception being that price responses in country 3 to liquidity shocks from country 1 are significantly smaller and of the opposite sign as β 3 ranges from 0 to approximately 2.5.
B Role of Information Asymmetry
One measure of the amount of information asymmetry in each country is the amount of private information that informed investors have about its assets' liquidation value. This can be measured by the variance of θ in that country. In this subsection we examine how price sensitivities to shocks originating in country 1 in our baseline model depend on the amount of information asymmetry in country 3.
When there is no information asymmetry in country 3, then shocks in country 1 have little effect on prices in country 3. As the amount of information asymmetry increases in country 3, the price response increases monotonically. This is our most important result because it shows that more information asymmetry in country 3 increases its vulnerability to contagion (Figures 3 and 4 , panel C). Intuition for the result is that greater information asymmetries within a country's market increase the likelihood that shocks transmitted to that market from abroad will be mistakenly viewed as an information shock within that market, magnifying price changes.
C Summary
Our principal results on the role of risk factor sensitivities and information asymmetries are restated below:
• Contagion occurs across countries whose asset values are linked through sharing exposures (β) to common macroeconomic fundamentals. Increases in β from zero increase a country's vulnerability to contagion.
• When β is not equal to zero, changes in β do not have a simple relationship to the pattern of contagion and can either increase or decrease a country's vulnerability to shocks from abroad.
• More information asymmetry within a country's asset market increases the magnitude of that market's price response to contagion from abroad.
VI Explaining the Pattern of Contagion Across Countries and Through Time
One shortcoming of the model is that it is static, and the parameters of the model are fixed. As a result, the model helps to explain the cross-country pattern of financial market contagion, but makes no predictions about how it changes through time. In particular, the model, considered alone, cannot explain why financial market contagion appears to be more acute during some time periods than others. One way to gain further insight into the dynamics of contagion is to treat the model's parameters as being formally determined by other elements of the economic environment. In particular, we consider how changes in some of these elements affect two determinants of a country's vulnerabilty to financial contagion: the sensitivity of a country's asset values to fluctuations in systematic macroeconomic factors, and the amount of information asymmetry within a country.
One important element that could cause time variation in the sensitivity of an asset market to the risk factors is a country's movement from a fixed to flexible exchange rate regime.
A regime switch of this sort adds an important risk by increasing a country's asset market exposure to exchange rate fluctuations from zero, opening up the potential for contagion through cross-market rebalancing. An alternative explanation for time variation in risk factor sensitivities is the dramatic increase in financial leverage experienced by some companies during an exchange rate or financial crisis. For example, during the Asian financial crisis, exchange rate devaluations in some countries dramatically increased the market value of many companies' foreign-denominated debt obligations and dramatically reduced the market value of shareholders' equity, raising their debt-equity ratios. The increase in financial leverage increases factor sensitivities and can substantially alter the pattern of contagion.
Changes in informational asymmetries, as a result of the onset of banking and financial crises in some countries, may also help explain the time-series pattern of contagion in the context of our model. Although there are many ways asymmetric information could manifest itself, one type of informational advantage that some investors could have is superior knowledge of various companies' financial condition, and those companies' access to emergency sources of credit. It could also represent some investors' differential access to knowledge about government economic policy. For instance, Claessens, Djankov, and Lang (2000) note that the families which control large chunks of market capitalization in the countries in South East Asia often have close ties to government. When macroeconomic conditions are stable most companies will be in sound financial condition, and therefore knowledge of companies' access to emergency funding from public or private sources will have relatively little value.
Therefore, in good times the degree of information asymmetry will be low. During financial or banking crises, the same type of information becomes very valuable in establishing prices for companies' equity. Consequently informational asymmetries, as measured by the value of what the better informed investors know, become larger. More generally, during financial and banking crises, anecdotal evidence suggests a great deal of confusion about the values of companies, lending credence to an increase in informational asymmetries during these periods.
The recent abrupt changes in exchange rate regimes from fixed to floating, and the increases in financial leverage experienced by many corporations in emerging markets during financial crises, increase parameters in our model which are linked to increased vulnerability to financial market contagion. We believe this provides some additional insight into why financial market contagion has increased recently, and how the pattern of financial market contagion might change through time.
VII Conclusions
In this paper we presented a multiple asset, noisy rational expectations model of asset prices and used the model to study the determinants of financial market contagion over short periods of time such as a day or a week. The model nests the correlated information and correlated liquidity shock channels for contagion considered by others and also contains a new channel which we refer to as cross-market rebalancing. Contagion occurs through this third channel when market participants are hit with an idiosyncratic shock in one country and transmit the shock abroad by optimally rebalancing their portfolio's exposures to macroeconomic risks through other countries' markets. Countries whose asset values are driven by common macroeconomic factors are vulnerable to this form of contagion, but it can also occur between two countries whose asset values are determined by independent macroeconomic factors, provided they are indirectly linked through third countries. Crossmarket rebalancing may thus explain contagion between Asia and Latin America during recent crises even though the macroeconomies of the two regions are only weakly linked.
One of our most important findings is that asymmetric information makes a country more vulnerable to contagion from abroad. Most of the contagious price response in a given country occurs because the order flow from cross-market rebalancing from other countries is partially misinterpreted as being related to information about asset values within that particular country. The model suggests that one possible protection against undesired, excessive price movements is a reduction in informational asymmetries through better transparency and more open access to information underlying the value of assets. The model also shows the rather perverse result that as informational asymmetries shrink in developed countries' markets, these countries act to transmit contagion among emerging market countries rather than contain it.
To close, it is useful to relate our paper to the contagion literature which stresses macroeconomic channels. Our theoretical model and this literature both are built upon the common notion that macroeconomic fundamentals are an important element of contagion, but we use these fundamental relations in a new way. Instead of looking to the realizations of macroeconomic fundamentals or macroeconomic news to rationalize the pattern of financial market contagion (an approach which appears to explain little empirically), we model long-run asset values across countries as depending on common macroeconomic factors and we model contagion as a consequence of the optimal rebalancing of exposures to macroeconomic risks. In this framework, contagion does not depend on macroeconomic news. Nor do macroeconomic fundamentals need to be realized for contagion to occur. Portfolio rebalancing within this framework, however, would be relatively benign if it were not for the presence of asymmetric information. Information asymmetries help to account for why asset price movements are far larger in some countries than can be justified by the movements of their macroeconomic fundamentals. One can also use the model to consider how some of the parameters change through time, providing additional insight into the timing of contagious episodes. Thus, by combining portfolio rebalancing and information asymmetries, our model identifies an additional channel for contagion that can formally explain why some countries are hit, and hit hard, by contagious episodes while others are not.
tions (18) and (19). Repeating from proposition 1, the rational expectations equilibrium price function P for the model described by equations (1), (2),(4),(6), and (7) is
where,
and E(v | P ) and Var(v | P ) are given in equations (18) and (19).
Based on the expression for price, it follows that the unconditional variance of P is:
where:
Var(v | P ) cannot be written as a function of price because prices reveal no information on the variance of v beyond that which is contained in knowledge of the structure of the model.
B Proof of Propositions 2 and 3
Proposition 2. If Σ θ , Σ u , and Σ are all diagonal matrices, then there is no contagion from any market to any other market.
Proof: Under the conditions of the proposition, inspection shows the derivatives of E(v | P )
(equation (18) 
0.6115
Notes: For the baseline three-country example presented in section III, the price of risky assets in all three countries are a linear function of the liquidity and information shocks that originate in country 1. The linear sensitivities of prices to the shocks are presented in panels A and B. The price sensitivities are further decomposed into an expectations and portfolio balance component. The expectations component measures that part of the price sensitivity that is due to shocks causing revisions in investors' beliefs. The portfolio balance component measures that part of the price sensitivity which occurs because shocks lead to the reallocation of risky asset holdings among market participants. Panel C decomposes the variance of prices in each market into the variance which is due to shocks from market 1 and the variance which is due to shocks from market 3. Notes: For the baseline three-country example presented in section III, the figure presents each country's price response to a one standard deviation negative information shock from country 1 as a function of the risk exposure of country 3's assets to macroeconomic risk factor f 2 . Country 3's exposure to f 2 is denoted as β 3 in the text. Notes: For the baseline three-country example presented in section III, the figure presents each country's price response to a one standard deviation negative liquidity shock from country 1 as a function of the risk exposure of country 3's assets to macroeconomic risk factor f 2 . Country 3's exposure to f 2 is denoted as β 3 in the text. Notes: For the baseline three-country example presented in section III, the figure presents each country's price response to a one standard deviation negative information shock from country 1 as a function of the amount of information asymmetry in country 3 as measured by the amount of asset 3's value that can be explained by private information. This measure of information asymmetry is denoted by Var(θ 3 ) in the text. Notes: For the baseline three-country example presented in section III, the figure presents each country's price response to a one standard deviation negative liquidity shock from country 1 as a function of the amount of information asymmetry in country 3 as measured by the amount of asset 3's value that can be explained by private information. This measure of information asymmetry is denoted by Var(θ 3 ) in the text.
